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Abstract 
One of the major issues companies face in driving environmental sustainability is the lack of focus. To overcome this issue, we propose a 
methodology based on the concept of eco-efficiency improvement (EEI) to help companies plan for environmental sustainability 
improvements. Through this methodology, the current state of a company in terms of environmental performance is assessed and hotspots for 
improvement are identified. Subsequently, proposed initiatives to address the hotspots are evaluated and prioritised to help the company focus 
their sustainability efforts to achieve greatest impacts. To demonstrate the application of the methodology, a case study of a fruit juice 
manufacturing company is presented. 
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1. Introduction 
One of the major issues companies face in driving 
sustainability is the lack of focus. In a survey by McKinsey & 
Company, they found that companies often have more 
ongoing initiatives than they can effectively manage. Two-
thirds of the 500 companies surveyed have more than 10 to 30 
different sustainability initiatives at one time [1]. That in turn 
causes a common situation whereby top management fail to 
prioritise ongoing initiatives, resulting in fragmented, 
decentralised business units that are not well-aligned with one 
another or overall top-level goals. In contrast, a McKinsey 
Global Survey, consisting of 3,344 participating company 
executives in February 2014, found that companies with a 
unified strategy, coupled with no more than just five strategic 
initiatives were almost three times as likely to be among the 
top performers, in terms of both financial and sustainability 
performance [2]. These findings highlight the importance and 
need for prioritising sustainability initiatives. 
In prioritising sustainability initiatives, companies need to 
focus on the quality, rather than the quantity of initiatives. 
They must know which initiatives are worthwhile to pursue, 
and which are not, given that resources are often limited. One 
way to do this is to use eco-efficiency as an indicator to 
evaluate the cost-benefits of sustainability initiatives. 
Eco-efficiency is defined as the ratio of a company’s 
financial performance to its environmental performance [3].  
Various methods based on this indicator have been proposed 
to assess and improve the sustainability of companies [4,5], 
products, services and systems [6–8]. In the paper by Li et al., 
an eco-efficiency approach was used to evaluate the energy 
and resource efficiency of manufacturing processes [9]. Life 
cycle costing and carbon footprint analysis methods were 
combined by Low et al. to model and benchmark the eco-
efficiency of closed-loop product life cycles [10]. In another 
paper, the authors used a similar concept to guide decisions in 
design for environment (DfE) [11]. In the work by Ng et al., 
the use of the carbon-value efficiency metric was proposed to 
integrate and implement lean and green approaches to 
improve the eco-efficiency of companies’ operations [12]. 
Visualisation techniques have also been introduced to 
improve the intuitiveness of eco-efficiency analysis for 
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decision support [13–15]. Eco-efficiency best practices have 
been established in the aspects of company strategy [16], 
product and process improvement [17,18], leveraging 
technology [19] and customer integration [20]. However, 
existing methods for eco-efficiency improvement deal with 
limited number of initiatives [4,5], lack support for early-
stage initiative prioritisation [4] and have not considered the 
impact of time horizon in the analysis [4–7]. Without an 
effective mechanism for initiative prioritisation, application of 
best practices in the companies’ context may not bring about 
the desired impact [1]. 
Complementing the existing body of works, we propose a 
methodology to help companies plan for environmental 
sustainability improvements based on the concept of eco-
efficiency improvement (EEI). In this paper, we will explain 
the methodology in terms of how the current state of a 
company’s environmental performance can be assessed to 
establish a baseline, how hotspots for improvement can be 
identified, and how proposed initiatives to address the 
hotspots can be evaluated and prioritised. 
For the purpose of demonstrating the application of our 
proposed methodology, a running example using a case study 
of a fruit juice manufacturing company is presented. This 
company is a well-established Singapore fruit juice 
manufacturer with a regional manufacturing and distribution 
network. The company produces large amounts of fruit juices 
with its primary product being apple juice, which is produced  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
daily and exported to Southeast Asia and Australasia. The 
company aims to bring quality apple juice to its customers, 
with as low overall carbon emissions as possible throughout 
the product’s entire life cycle. Using this case study, we will 
demonstrate how through our proposed methodology, 
companies are able to consolidate their environmental 
sustainability efforts and focus on the things that have the 
greatest impacts. 
2. Methodology 
Our proposed methodology based on the concept of eco-
efficiency improvement (EEI) is shown in Fig. 1. It follows 
the structure of a framework consisting of four phases. Based 
on this structure, the steps in the methodology are described in 
the following sections. 
2.1. Current state assessment 
In this phase, the objective is to assess the environmental 
performance of a system and establish a baseline for 
improvement. The business-as-usual scenario was set as the 
baseline as a reference for comparison. In the case study of 
the fruit juice manufacturing company, the system targeted for 
improvement is the life cycle of a one-litre (1L) carton apple 
juice. The life cycle processes are mapped out in Fig. 2. 
To assess the environmental aspect of the system’s eco-
efficiency, we built a carbon footprint (CFP) model covering 
the full life cycle of the product (i.e. raw material acquisition, 
manufacturing, distribution, usage and end-of-life) following 
the guidelines set out in ISO/TS 14067 [21]. Within each life 
cycle stage, detailed processes are modelled with the 
individual inputs and outputs associated to the life cycle 
activities documented. This forms the life cycle inventory data 
with which CFP is computed by taking into account all the 
greenhouse gases and multiplying it by their respective global 
warming potential (GWP) values published by the IPCC [22]. 
With the life cycle CFP of the 1L carton apple juice 
computed, we have established a baseline for improvement. 
However, in order to evaluate the costs of implementing 
sustainability initiatives in the later phase, a financial baseline 
also needs to be established. This is necessary because some 
initiatives may incur additional capital expenditure (CAPEX) 
Fig. 2. Life cycle process map for case study of fruit juice manufacturing company.  
Fig. 1. Framework to plan for sustainability improvements. 
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(e.g. upgrading to a more energy efficient equipment) or a 
change in operating expenditure (OPEX) (e.g. switching to a 
“greener” supplier). To do this, we built a discounted cash 
flow (DCF) model to compute the total cost of ownership 
(TCO) of operating the system over a 10-year lifespan. For 
the case study, the net present value (NPV) derived from the 
DCF model is used as the indicator for the system’s TCO. 
NPV is a capital budgeting indicator to assess the profitability 
of projects. A positive value of NPV indicates that the 
projected earnings exceeds the cost, and the magnitude 
reflects the level of profitability. 
2.2. Hotspots Identification 
From the current state assessment, we found a total of 93 
different activities contributing to the life cycle CFP of the 1L 
carton apple juice. Thus, the objective of hotspots 
identification is to zoom in on the activities which poses the 
biggest problems (and maybe opportunities) for improvement.  
This can be done through various approaches such as 
determining appropriate cut-off criteria or by conducting a 
Pareto analysis, which is a statistical technique in decision 
making based on the 80/20 rule to isolate the few factors that 
contribute significantly to the overall effect. For the case 
study, we conducted a Pareto analysis to identify the hotspots, 
illustrated in Fig. 3. 
The results of the Pareto analysis can be visualised by the 
graph in Fig. 4. In this graph, the bar chart shows the CFP of 
the individual activities sorted in descending order while the 
curve shows the cumulative CFP contribution of the activities. 
Setting an 80% cut-off as indicated by the horizontal and 
vertical arrowed lines, eight hotspots corresponding to the 
activities that contribute to approximately 80% of the total life 
cycle CFP are identified (Table 1). 
2.3. Initiatives Proposition 
With the hotspots identified, we need to come up with 
relevant sustainability initiatives to address them. There is no 
hard and fast rule on how or what initiatives are to be 
Table 1. List of identified hotspots for case study. 
Activity 
S/N 
Activity (hotspot) 
description 
% contribution to life cycle 
CFP of 1L carton apple juice  
35 Incineration of waste (apple 
pulp) from juicing process 
15.81% 
40 Use of refrigerants during 
ultrafiltration process 
15.31% 
53 Use of refrigerants during 
filling process 
15.27% 
27 Use of refrigerants during 
juicing process 
12.86% 
22 Transportation of apples 
from farm in New Zealand 
to factory in Singapore 
6.47% 
29 Use of enzymes in juicing 
process 
5.75% 
19 Treatment of waste water 
from washing process 
4.05% 
49 Consumption of electricity 
during pasteurisation 
process 
2.80% 
Fig. 3. Procedure used in applying Pareto analysis. 
Fig. 4. Results of Pareto analysis. 
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proposed. In this particular case study, a taskforce comprising 
members from different backgrounds and organisational 
levels (i.e. managers, engineers, production supervisors and 
operators) was formed. This group was given the 
responsibility of generating ideas to address the eight hotspots 
identified earlier.  
After an investigation of industry best practices (from 
which the basis to estimate potential material and energy 
savings from implementation of initiatives) and several 
rounds of brainstorming sessions, they managed to come up 
with a list of initiatives to be considered for addressing the 
hotspots (Table 2). 
2.4. Initiatives evaluation and prioritisation 
As shown in Table 2, there are ten sustainability initiatives 
that potentially can be implemented by the fruit juice 
manufacturing company to improve their environmental 
performance. However, not all of the initiatives may be worth 
implementing. Moreover, due to limited resources (budget, 
manpower and time), the company needs to be smart and 
selective on where they put their money. They need to 
evaluate every initiative and prioritise accordingly. Thus, we 
introduce the concept of eco-efficiency improvement (EEI) to 
facilitate the process of evaluating and prioritising initiatives. 
The EEI concept employs a simple average method to 
measure the gain or loss in a system’s eco-efficiency from a 
change in the system. In this case, the change refers to the 
implementation of an initiative. Using this method in the case 
study, an initiative is evaluated based on the weighted average 
of the change between the NPV and life cycle CFP relative to 
the financial and environmental performance baselines 
respectively, i.e. the higher the better. 
The EEI concept is described by 
¸¸¹
·
¨¨©
§ ¸¸¹
·
¨¨©
§  
Baseline
Baseline
Baseline
Baseline
NPV
NPVNPV
CFP
CFPCFP
EEI xxx ED  (1) 
where EEIx is the EEI score for initiative x, CFPBaseline the 
baseline CFP of system, CFPx the potential CFP of system 
from the implementation of initiative x, NPVBaseline the 
baseline NPV of system, NPVx the potential NPV of system 
from the implementation of initiative x, D the user-determined 
factor for weighting the importance of CFP, and E the user-
determined factor for weighting the importance of NPV 
(D+E=1).  
Recognising that companies will have differing degree of 
importance on environmental and economic excellence, the 
weighting factors (D and E) allow the EEI equation to be 
customised to reflect the company’s goals and priorities. This 
can be implemented through varies mechanisms such as an 
internal voting process or through a Likert-type scale based 
questionnaire exercise by engaging all relevant stakeholders. 
In this study, we assume the company places equal importance 
on both environmental and economic excellence (α=β=0.5). 
Applying the EEI concept coupled with a visualisation 
technique, results of the evaluation and prioritisation of the 
proposed initiatives in the case study will be presented and 
discussed in the next section. 
 
Table 2. List of initiatives. 
Initiative 
S/N 
Initiative Description 
Qualitative Evaluation Hotspots Addressed 
(Activity S/N) Pros Cons 
1 Composting of apple pulp 
into fertiliser to be used in 
apple farm 
 Less fertiliser used  Large CAPEX required for 
composting machine 
 Energy required for composting 
 Require transportation of fertiliser to 
farm in New Zealand 
35 
2 Composting of apple pulp 
into fertiliser to be sold to 
farms in Malaysia 
 Shorter transportation distance as 
compared to initiative 1 
 
 Large CAPEX required for 
composting machine 
 Energy required for composting 
 Price paid for compost by farms in 
Malaysia is low 
35 
3 Fix leakage of refrigerant  No (or less) top up of refrigerant 
needed 
 Increased energy efficiency 
 Long downtime needed to fix leakage 
 May require large CAPEX to 
upgrade equipment 
40, 53, 27 
4 Redesign logistical 
packaging of apples to 
improve shipping efficiency 
 More apples can be packed and 
shipped at a time 
 Large CAPEX required for new 
packing equipment 
22 
5 Change to biodegradable 
washing detergent 
 No treatment of water required 
 No CAPEX required 
 Biodegradable detergent is slightly 
more expensive 
19 
6 Recycle waste water to be 
used for non-food contact 
cleaning processes 
 Less water used  Large CAPEX required to build 
waste water recycling facility 
19 
7 Upgrade to more water-
efficient washer 
 Less water used  Large CAPEX required for new 
washer 
19 
8 Service heat insulation for 
pasteurisation process 
 Less energy wasted  Nil 49 
9 Convert to gas powered 
pasteurisation machine  
 Cheaper source of energy  Large CAPEX required to retrofit 
equipment 
49 
10 Install solar panels in facility  Less grid energy consumed  Additional CAPEX required to 
purchase and install solar panels 
49 
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3. Results and Discussion 
Given that resources are often limited, companies need to 
focus on things that have the greatest impacts. Similarly, in the 
case study, it is important for the fruit juice manufacturing 
company to decide on which initiatives are worth pursuing 
and which are not. To support this decision making process, 
the eco-efficiency improvement (EEI) score for the ten 
initiatives proposed earlier (Table 2) are tabulated using 
equation (1) and listed in descending order in Table 3. 
As can be observed from the table, the initiative with the 
highest EEI score is initiative 10, which is to install solar 
panels in the manufacturing facility. This was an interesting 
finding for the case study because instinctively, this initiative 
was deemed by management and even some taskforce 
members to be an undertaking which was too costly for the 
company. But with more supporting data using the results as 
shown, they were convinced that this investment will pay for 
itself in the long-term. Another interesting finding was related 
to initiative 5, which is to change the chemical-based 
detergent used in the washing process to a biodegradable 
detergent. Without the need for additional capital expenditure 
and at a reasonable cost increase, this was an attractive 
proposition for the company to improve environmental 
sustainability. However, from the evaluation results, the 
reduction in the life cycle CFP does not justify the 
compromise in the NPV. 
Although some form of prioritisation of the initiatives can 
be achieved by using the EEI score alone, there may be 
occasions when an initiative may be prioritised over a more 
favourable one.  For instance, in Table 3, we can see that 
initiative 4 can both reduce the life cycle carbon footprint 
(CFP) and increase the net present value (NPV). However, it 
is given lower priority as compared to initiatives 2 and 6 
which, although will reduce the NPV, can reduce the life 
cycle CFP more significantly. To resolve the above 
conflicting scenario and to make the EEI concept more 
effective and intuitive, a visualisation of the EEI is employed 
as shown in Fig. 5. 
In the visualisation of EEI, the score is decomposed into 
two dimensions of CFP and NPV – demarcating the space into 
3 regions: eco-efficient, environment-driven and 
counterproductive. Initiatives that fall in the eco-efficient 
region provide a win-win situation for the company as the life 
cycle CFP of the system is reduced while the NPV is 
increased.  
Initiatives that fall in the environment-driven region are 
geared towards improving the environmental sustainability 
often with some financial outlay involved. In the 
counterproductive region, initiatives that do not substantially 
reduce the life cycle CFP and adversely affect the NPV are 
classified here. It is especially useful for filtering out ill-
conceived initiatives (i.e. increasing rather than reducing CFP, 
or, decreasing NVP at a higher proportion than increasing CFP 
reduction). Based on this EEI visualisation, the proposed 
initiatives (Table 2) are re-prioritised in Table 4. 
In this case study, single metric was assigned to each 
dimension of performance. However, the methodology can be 
extended to accommodate other approaches of measuring 
Table 4. Prioritisation of initiatives based on the EEI concept and visualisation technique. 
Initiative S/N 
(rank) 
Initiative description 
% change in 
CFP 
% change in 
NPV 
EEI score Region 
10 (1) Install solar panels in facility 30% 9% 0.195 Eco-Efficient 
3 (2) Fix leakage of refrigerant 34% 4% 0.192 Eco-Efficient 
8 (3) Service heat insulation for pasteurisation process 8% 14% 0.108 Eco-Efficient 
9 (4) Convert to gas powered pasteurisation machine 17% 2% 0.094 Eco-Efficient 
4 (5) Redesign logistical packaging of apples to improve shipping efficiency 6% 3% 0.046 Eco-Efficient 
2 (6) Composting of apple pulp into fertiliser to be sold to farms in Malaysia 25% -9% 0.078 Environment-Driven 
6 (7) Recycle waste water to be used for non-food contact cleaning 
processes 
39% -28% 0.053 Environment-Driven 
1 (8) Composting of apple pulp into fertiliser to be used in apple farm 18% -11% 0.037 Environment-Driven 
7 (9) Upgrade to more water-efficient washer 4% -1% 0.014 Environment-Driven 
5 (10) Change to biodegradable washing detergent 9% -12% -0.014 Counter-productive 
      
Table 3. Evaluation results of initiatives ranked by EEI score. 
Initiative S/N Initiative description % change in CFP % change in NPV EEI score 
10 Install solar panels in facility 30% 9% 0.195 
3 Fix leakage of refrigerant 34% 4% 0.192 
8 Service heat insulation for pasteurisation process 8% 14% 0.108 
9 Convert to gas powered pasteurisation machine 17% 2% 0.094 
2 Composting of apple pulp into fertiliser to be sold to farms in Malaysia 25% -9% 0.078 
6 Recycle waste water to be used for non-food contact cleaning processes 39% -28% 0.053 
4 Redesign logistical packaging of apples to improve shipping efficiency 6% 3% 0.046 
1 Composting of apple pulp into fertiliser to be used in apple farm 18% -11% 0.037 
7 Upgrade to more water-efficient washer 4% -1% 0.014 
5 Change to biodegradable washing detergent 9% -12% -0.014 
Fig. 5. Eco-efficiency improvement visualisation of initiatives. 
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environmental and economic performance to reflect higher 
precision and resolution of performance changes when 
initiatives are implemented. 
4. Conclusion 
The lack of focus is undermining environmental 
sustainability efforts of companies. Therefore, we proposed a 
methodology based on the concept of eco-efficiency 
improvement (EEI) to help companies plan for environmental 
sustainability improvements. The application of our proposed 
methodology was demonstrated using a case study of a fruit 
juice manufacturer. 
Using the case study, the details of the methodology were 
explained in terms of how the current state of a company’s 
environmental performance can be assessed to establish a 
baseline for improvement and how hotspots can be identified. 
To help companies differentiate which initiatives are 
worthwhile to pursue, and which are not, given that resources 
are often limited, the EEI concept and visualisation technique 
were also introduced as part of the methodology. Unlike 
conventional eco-efficiency indicators which typically reduces 
two-dimensional data (economic and environmental 
indicators) into one-dimensional data (single composite eco-
efficiency indicator), the EEI concept and visualisation 
technique are able to retain these vital information needed for 
better decision support. The case study demonstrated that with 
the methodology, companies can more effectively evaluate 
and prioritise initiatives for implementation and thus, ensuring 
that they focus on the quality, rather than the quantity of 
initiatives. 
Our proposed methodology considers the environmental 
and economic aspects of the triple bottom-line of 
sustainability. Like many existing works, the social aspect of 
it has yet to be included due to the challenging nature of the 
work. But future work should consider looking into this aspect 
in order to help companies achieve more holistic sustainability 
improvements.  
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